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The emission of particles in the ultrafine 
range (<100 nm) from laser printers has not been 
reported until recently (Uhde et al., 2006; He et al., 
2007; Morawska et al., 2009). The research 
reported to date has provided a body of information 
about printer emissions and shed light on particle 
formation mechanisms. However, until now, the 
effect of fuser roller temperature on particle 
emissions had not been comprehensively 
investigated. 
To advance knowledge in this area, the aims 
of this work were to: (1) quantify the particle 
emission rates of office laser printers currently 
available on market, using the chamber method; (2) 
determine fuser roller temperature for each printer 
during printing; (3) analyse the relationship 
between fuser roller temperature and particle 
emission rates for the printers investigated.  
In total, 23 experiments were conducted in 
the box chamber for printers that used heating 
lamps. Based on the particle number emission rate 
classification system used in He et al. (2007), 
whereby if a printers emission rate is more than 
10
10
 particles min
-1
 then it is considered to be high 
emitter, all of the printers investigated in this study, 
except one, were high emitters during monochrome 
printing,. On average, 95% of the total 
submicrometer particles emitted were in the 
ultrafine size range.  
In addition, simultaneous fuser temperature 
and particle emission measurements were 
conducted on a laboratory bench for 6 of the 23 
printers, the results of which showed a relationship 
between particle emissions and fuser roller 
temperature. An example of this relationship is 
given in Figure 1, where it can be seen that, as soon 
as the printer was turned on, the fuser roller 
temperature (both inside and outside) increased 
sharply. This was accompanied by a simultaneous 
increase in particle concentration. Since no paper or 
toner was involved in this process, this result 
suggests that these particles were generated directly 
from the fuser rollers surface and/or from the paper 
and toner residues on the roller surface. It can also 
be seen that while the printer was idling (i.e. after it 
was turned on but before printing), particle 
concentration decreased as fuser roller temperature 
decreased. In general, it was found that the 
variation in particle number concentration followed 
the same pattern as the variation in temperature, 
thus indicating that there was a clear and positive 
relationship between fuser roller temperature and 
particle number emissions. 
Analysis of the average particle emission 
rates and average fuser roller temperatures obtained 
during the box chamber experiments indicated that 
there was a statistically significant (p < 0.05) 
positive relationship between fuser roller 
temperature and particle emission rate. This 
relationship, along with the corresponding semi-
empirical equation, is presented in Figure 2.  
Overall, the experimental results indicated 
that fuser roller temperature was the principal factor 
governing the rate of particle formation in laser 
printer operation.  
 
0
50
100
150
200
250
300
350
400
450
0
0
:0
0
0
2
:5
3
0
5
:4
6
0
8
:3
8
1
1
:3
1
1
4
:2
4
1
7
:1
7
Time (minutes) 
T
em
p
er
a
tu
re
 (
ºC
)
0.0E+00
5.0E+04
1.0E+05
1.5E+05
2.0E+05
2.5E+05
P
a
rt
ic
le
 n
u
m
b
er
 c
o
n
ce
n
tr
a
ti
o
n
 (
p
/c
m
3
)
T1  Outside of the roller
T2  Inside of the roller
Particle Number
Turn on 
Printing 20 pages, 5%
 
Figure 1. Time series of fuser roller temperatures 
(inside and outside), along with particle number 
concentration measured at the exhaust fan of a 
printer. 
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Figure 2. The relationship between average particle 
emission rate and average fuser roller temperature 
for all of the 23 printers investigated. 
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